The purpose of this study was to establish an efficient combination of assisted hatching and cryopreservation procedures for producing bovine 
Introduction
Bovine embryos produced in vitro differ considerably in struc¬ ture and viability compared with their in vivo counterparts.
These differences are considered to be the result of the inadequate in vitro environment and may be present at all stages of development from oocyte maturation to the birth of offspring (Greve et al, 1993;  Leibo and Loskutoff, 1993; Walker et al, 1996) .
Certain stages of development, including first cleavage, the process of compaction, blastocoel formation and the hatching of blastocysts, seem inherently sensitive to the in vitro con¬ ditions. Impaired hatching of mammalian embryos produced in vitro may be explained by the different composition of the zona pellucida and possible weakness of the embryos develop¬ ing in vitro (Cohen et al, 1990 ; Alikani and Cohen, 1992; Antinori et al, 1996) reported to increase pregnancy rates for both human and bovine embryos (Cohen et al, 1990 Tucker et al, 1991; Loskutoff et al, 1993; Stein et al, 1995; Krüger et al, 1996;  Pokorny and Pokorny, 1996) .
In humans there are disadvantages to using the assisted hatching technology. Human (Saha et al, 1994;  Vajta et al, 1995; Palasz and Mapletoft, 1996; Saha et al, 1996) , embryos produced in vitro have an increased sensitivity to cryoinjuries. From studies of embryos produced in vivo, these cryoinjuries have been shown to affect normal cell contacts and can, therefore, disturb the hatching process (Massip and Mulnard, 1980; Niemann et al, 1982) .
Cryopreservation of embryos with either spontaneous or induced damage of the zona pellucida has resulted in impaired survival rates compared with intact cryopreserved controls (Kanagawa et al., 1979; Lehn-Jensen and Rail, 1983; Thibier and Nibart, 1992; Gustafsson et al, 1994) . However, the importance of an intact zona pellucida as a prerequisite for cryopreserva¬ tion has been questioned (Picard et al, 1988; Garrisi et al, 1992;  Schmidt et Loskutoff et al., 1993; Agca et al., 1995; Booth et al, 1996) and development in vitro after vitrification and in-straw direct rehydration has been found to be acceptable (Vajta et al, 1996a, c) .
Assisted hatching performed after cryopreservation has proved beneficial for the further development of human and bovine embryos in vitro or in vivo (Tucker et al, 1991; Leibo and Loskutoff, 1993; Hoover et al, 1995; Check et al., 1996 (Cohen et al, 1989 (100) 135 (88) 117 (76) 101 (66) 90 (58) 14 111111 (100) 111 (100) 89 (80) 84 (76) 70 (63) Total 1312 1284 (98) 1136 (87) 1004 (77) 923 (70) 811 (62) blastocysts incubated in TCM-Hepes with sucrose and those incubated in TCM-Hepes without sucrose (groups 1-2, 5-6, 9-10 versus groups 3-4, 7-8, 11-12, respectively; Table 2 ). Manual zona fenestration (groups 1-4) resulted in higher survival rates (P < 0.02) compared with controls (groups 9-12) for all registered developmental stages (re-expansion, hatching, hatched and attached). Manual zona fenestration also resulted in higher rates of hatching, hatched and attached blastocysts compared with partial zona dissection (groups 5-8).
No differences were found between the survival rates of partially zona dissected and control blastocysts (groups 5-8 versus groups 9-12, respectively; Table 2 ).
All survival data were decreased after vitrification (groups 1, 3, 5, 7, 9, 11, 13 versus groups 2, 4, 6, 8, 10, 12, 14; < 0.01; (Cohen, 1991; Cohen and Feldberg, 1991; Germond et al, 1995) . This problem can be minimized by increasing the size of the gap (Stein et al., 1995 
